INTRODUCTION {#sec1-1}
============

Chronic obstructive pulmonary disease (COPD) is a global health burden that affects 300 million people worldwide resulting in \>3 million deaths annually.\[[@ref1][@ref2]\] Globally, COPD was reported as the fourth leading cause of death (5.1%) in 2004 and is projected to occupy the third position (8.6%) in 2030.\[[@ref3]\] The prevalence of COPD in adults has been reported differently. In PLATINO study, crude rates of Stage I or higher COPD were between 7.8% and 19.7% in samples from five Latin American countries.\[[@ref4]\] This rate was reported between 0.2% in Japan and 37% in the USA.\[[@ref5]\] COPD is characterized by chronic inflammation and nonfully reversible airflow obstruction, involving structural changes in the lung that can be demonstrated as a low ratio (\<0.7) of forced expiratory volume in 1 s (FEV~1~) to forced vital capacity (FVC).\[[@ref6][@ref7]\]

Tobacco is reported as the first risk factor for disease in high-income North America and Western Europe and second only to high blood pressure globally according to a recent systematic analysis.\[[@ref8]\] It is proved that the strongest risk factors for airflow obstruction are smoking and exposure to environmental tobacco smoke,\[[@ref9]\] but many areas of the world with high mortality rates from "COPD" still have low consumption of tobacco.\[[@ref10][@ref11][@ref12]\] In our previous study, we found that the prevalence of airflow limitation was higher in individuals who had ever smoked, but among patients with COPD according to the spirometry tests, 12.6% were smokers and 18.3% ex-smokers.\[[@ref13]\] In other words, nonfully reversible airflow obstruction also occurs in never smokers. Iran is a developing country where the smoking rate (11.9%) is lower than the observed in many developed countries.\[[@ref14]\]

During the last decade, national estimates of COPD prevalence were mostly based on self-reported questionnaires. Several studies conducted in Iran,\[[@ref15]\] the United States,\[[@ref16]\] Spain,\[[@ref17]\] Sweden,\[[@ref18]\] Korea,\[[@ref19]\] and South America\[[@ref4]\] have demonstrated the underdiagnosis of COPD.

A clear example of this kind of underreport was observed in Japan, where the results of the 2004 population-based prevalence of COPD survey contrast with the estimates of the Japanese Ministry of Health (10.9% vs. 0.3%, respectively).\[[@ref20]\]

The estimation of COPD prevalence indeed depends on the population characteristics and criteria used to diagnose COPD, with continuing debate over whether the fixed spirometric ratio of 0.7 or lower limit of normal should be the preferred diagnostic criteria.\[[@ref21]\]

Carrying out research regarding different aspects of COPD is mentioned as health priorities by academic institutions and governments worldly wide,\[[@ref22]\] and the burden of COPD in low- and middle-income countries has been rather high due to low COPD awareness, challenges with COPD diagnosis, and increased exposures to additional risk factors, especially combustion products of biomass fuels, dusty occupation, uncontrolled asthma, and sequela of tuberculosis.\[[@ref23]\] The international, population-based Burden of Obstructive Lung Disease (BOLD) initiative was designed to develop robust models during the past two decades, which can be used to estimate the prevalence and current and future economic burden of COPD.\[[@ref24]\] The goal of the present project is to describe the prevalence and determine the causes and risk factors of COPD in the population of Iran, and this report summarized primary results from five districts.

METHODS {#sec1-2}
=======

The BOLD study protocol in Iran was published elsewhere.\[[@ref25]\]

Population and sampling strategy {#sec2-1}
--------------------------------

We used the same sampling protocol consistently throughout the project. The sampling frame in this study is the whole population of 31 provinces of Iran. It is considered that the present population in this area is nearly 78 million.

Sample size {#sec2-2}
-----------

Drawing upon our experience, a design effect of 1.5, prevalence rate of 50%, and a response rate of 90%, total sample size is calculated by 1152 in two different sexes for 40 years of age and above and 1152 for 18--39 years. In order to develop valid estimates of future burden of disease, researchers are encouraged to survey an additional cohort on the prevalence of smoking and other key risk factors.

Sampling plan {#sec2-3}
-------------

This study follows a stratified cluster sampling strategy with proportional allocation within strata. The target population is all noninstitutionalized inhabitants, aged 18--40 in one group and over 40 in another, who inhabit in different provinces in the year 2015.

The stratification of the sample according to the 31 provinces of Iran is incorporated in the sampling process. Proportional to the number of households in 31 provinces, the appropriate number of clusters is weighted according to each province. The decision about the number of clusters is based on total sample size, mean household members, and logistical facilities for subject enumeration, transport, and examination.

For each cluster, a team of three members (one male and one female aged \<28 as interviewers dressed in white medical overall and a driver) approaches the index household, which is specified through the aforementioned random selection of clusters, and continues the enumeration in ten neighbor households in a systematic manner by proceeding round in a clockwise direction. In indexed household, if there is more than one person, interviewers are advised to use Kish method to choose the right participant(s).\[[@ref26]\]

Examination protocol {#sec2-4}
--------------------

The examination protocol includes a questionnaire covering respiratory symptoms, health status, activity limitation, and exposure to potential risk factors, such as tobacco smoke, occupational risk factors, and biomass exposure. They also perform pre- and postbronchodilator spirometry tests. Spirometry records provide the 1- and 6-s FEVs (FEV~1~ and FEV~6~) and the FVC.

Questionnaires {#sec2-5}
--------------

The core questionnaire was developed from preexisting validated questionnaires that had already been used in multinational studies.\[[@ref1]\] The questionnaire obtains information about respiratory symptoms, exposure to potential risk factors, including smoking, occupation, respiratory diagnoses, comorbidities, health-care utilization, medication use, activity limitation, and health status.

Participants also are expected to complete an occupational questionnaire and (for current cigarette smokers) a "stages-of-change" questionnaire that assesses readiness to quit smoking. There is also a questionnaire to assess exposure to biomass fuels used in the home for either heating or cooking. All questionnaires were translated to Persian first and then back translated to English by a different translator. The questionnaires are administered by trained and certified staff; self-administration of questionnaires is not allowed.

Spirometry {#sec2-6}
----------

The single most important outcome measure obtained as part of this protocol is spirometry before and after administration of 200 mg (two puffs) of salbutamol. To optimize quality control in this study, all teams are required to use the 2120 In2itive Vitalograph Spirometer, which was chosen because it provides an acceptable degree of accuracy, robustness, portability, and ease of storage. It can be used easily in the field and where there is no electric power available. The 2120 In2itive Vitalograph Spirometer has been approved by the National Research Institute of Tuberculosis and Lung Diseases as meeting predetermined performance criteria relating to reliability of measurement, suitability for field use, and ease of access to data.

Chronic obstructive pulmonary disease definitions {#sec2-7}
-------------------------------------------------

COPD definitions were as follows: (1) spirometry: postbronchodilator FEV1/FVC ratio \<70%; (2) prior medical diagnosis: an affirmative response to: "have you ever had chronic bronchitis, emphysema, or COPD confirmed by a doctor?;" and (3) clinical definition: a positive criterion for the standard definition of chronic bronchitis. These definitions allowed comparison without the need for reference values and were a widely used standard that can be compared with other published studies.\[[@ref7][@ref27]\]

Statistical analysis {#sec2-8}
--------------------

In calculating standard errors and the 95% confidence interval (CI) for categorical and continuous variables, the cluster sampling design is taken into account and adjusted for. In addition to descriptive analyses, odds ratios are calculated with multivariate logistic regression in order to control potential confounding variables and account for cluster design effects.

RESULTS {#sec1-3}
=======

Participants {#sec2-9}
------------

A total of 1065 individuals were interviewed and examined in five provinces. Four hundred and seventy-nine (45.1%) men and 583 (54.9%) women participated in the structured interviews. These provinces are located in different parts; north, south, east, and center of Iran. [Table 1](#T1){ref-type="table"} shows the demographic characteristics.

###### 

Demographic characteristics
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Smoking habits {#sec2-10}
--------------

The rate of current smoking was greater in men than women in all provinces. Of all participants, 102 (9.7%) were current smoker, and out of these participants, 94 (92.2%) were men and 8 (7.8%) women. Sixty-three (6.0%) among all were ex-smoker \[[Table 1](#T1){ref-type="table"}\].

Respiratory symptoms {#sec2-11}
--------------------

In this study\'s population, the most reported respiratory symptoms were as follows: 217 (20.4%) wheezing (95% CI: 18%--22.8%), 173 (16.5%) sputum production (95% CI: 14.3%--18.8%), and 131 (12.3%) dyspnea (95% CI: 10.3%--14.3%). As for clinical symptoms, self-reported chronic bronchitis, emphysema, or COPD, 111 (10.4%) (95% CI: 8.6%--12.3%) of the participants had these symptoms and diagnosis during last year.

The prevalence of prior medical diagnosis was nearly one-fourth of postbronchodilator spirometric COPD rate \[[Table 2](#T2){ref-type="table"}\].

###### 

COPD prevalence according clinical, prior diagnosis, and spirometry
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The overall COPD prevalence defined by the postbronchodilator spirometric functional criteria was 5.0%, higher in Kerman (13.9%), followed by Tehran, Ahvaz, Mazandaran, and Mashhad \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. The prevalence was lower in participants younger than 55 years \[15 (4.2%)\] and was 50% higher \[11 (6.1%)\] in participants older than 55 years \[[Table 3](#T3){ref-type="table"}\]. Three (20%) of people with postbronchodilator spirometric for COPD criteria had \>12% and 200 ml reversibility. The prevalence of prior medical diagnosis of asthma in the whole population was 73 (6.8%).

###### 

COPD prevalence according to age, gender, and copd definition criteria
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Multivariate relationships {#sec2-12}
--------------------------

We performed univariate and multivariate logistic regression to assess the association of COPD and risk factors. When including age, gender, smoking habits, family history of obstructive airway disease, and socioeconomic group in the model, body mass index (BMI) and smoking revealed themselves as the two major risk factors. The prevalence of COPD was strongly dependent on BMI, current smoking, gender, and age \[[Table 4](#T4){ref-type="table"}\].

###### 

The odds ratio for having chronic obstructive pulmonary disease (according to spirometry results)
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DISCUSSION {#sec1-4}
==========

This study is the first systematic attempts to estimate the prevalence of COPD across different regions of Iran. In this study, we estimated the prevalence of COPD using questionnaires and spirometry-based data among people aged 18 years and older who were living in 31 different provinces, and for this report, we analyzed five centers of provinces including Tehran, Ahvaz, Mashhad, Kerman, and Mazandaran. The sample in this study was representative of Iran adult population, and the participation rates were exceptionally high for a comprehensive survey like this one.

In the current study, we estimated the total prevalence of COPD at 4.9% (95% CI: 3%--6.7%) according to the Global Initiative for Chronic Obstructive Lung Disease criteria. All residents were 40 years of age or over and had at least Stage I COPD, and this was more common in men than in women. The observations from this first report are similar to the results found in many other countries with an expected range of 4% to 10% using spirometry\[[@ref4][@ref28]\] though it had a wide range between 2.8% and 13.9% in different provinces.

Previous studies, like PLATINO multicenter study\[[@ref4]\] which was conducted across five South American cities, reported crude prevalence of COPD ranging from 7.8% to 19.7% in five cities from Brazil, Chile, Mexico, Uruguay, and Venezuela. BOLD study in 2007 conducted in twelve sites from North America, Europe, Asia, and Africa reported that the prevalence of Stage II or higher COPD was 10.1% overall, 11.8% for men, and 8.5% for women.\[[@ref27]\] In a study done in Peru, which was done in different provinces, overall prevalence of COPD in four different cities was 6.0% (95% CI: 5.1%--6.8%) but with marked variation across sites.\[[@ref29]\] In the PREPOCOL study, the prevalence of COPD was 8.9% across five Colombian cities at different altitudes.\[[@ref30]\] A study on the prevalence of COPD risk factors in 12 Asia-Pacific sites estimated about 57 million moderate-to-severe COPD cases in 2002, which is equivalent to a prevalence of 6.3% in the Asia-Pacific region.\[[@ref28]\]

Moreover, in a national study by Varmaghani *et al.* pooled prevalence of chronic bronchitis was reported 5.57%.\[[@ref31]\] According to a study done in Isfahan, a megacity of Iran, the prevalence of airflow limitation in the general population 40 years and older was 5.7%.\[[@ref15]\]

A possible reason for the low prevalence of COPD in our first report could be the low prevalence of daily tobacco smoking which is mainly lower than every site in BOLD, PLATINO, and PREPOCOL studies.\[[@ref4][@ref27][@ref30]\] Furthermore, the differences between COPD prevalence rates reported by different studies could be due to differences in data collection methods, sampling methods, time, and regions where the studies had been carried out.

In this study, we found that the prevalence of COPD was higher in current tobacco smokers similar to previous reports.\[[@ref4][@ref27][@ref28]\] The odds for COPD were higher for current smokers. These figures suggest that the risk for developing COPD is approximately twice in current smokers compared that in nonsmokers. This amount of risk has been proposed from 15% to 50% in literature.\[[@ref29][@ref32]\] Our finding does prove the fact that smoking is, by far, one of the most important risk factors for COPD which rhymes with the WHO estimation that in many high-income countries, up to 73% of COPD deaths are related to tobacco smoking, and 90% of COPD deaths occur in low- and middle-income countries while 40% of these deaths are attributed to tobacco smoking.\[[@ref33]\] These findings by no means imply that early detection of COPD could be helpful for early smoking cessation intervention. In our findings, a majority of patients with COPD were never smokers, and there was no significant relationship between passive smoking and COPD. The main reason could be that the participants in our study were from general population and were likely to be exposed to risk factors other than smoking that caused COPD.

In this study, the COPD prevalence in men is higher than that in women. This figure could be explained by the fact that Iranian women have not been as likely to smoke as men. In the study by van Durme *et al.* in the Netherlands, male sex and smoking status of current smokers were related to occurrence of COPD.\[[@ref34]\] In another study, male sex, increasing age, and smoking history were strong risk factors for COPD, and these associations remained significant after adjustment for other variables.\[[@ref35]\] This situation is similar to our previous study in Tehran\[[@ref13]\] and posed the hypothesis that considering lower prevalence of tobacco smoking, other risk factors such as air pollution and fossil fuel pollution levels could have a greater effect in women compared with men.

Our study has some strength.First, this study similar to other BOLD studies across the world has a population-based sampling frame derived from five different geographical settings in north, south, center, and east across Iran. Second, we collected extensive demographic, clinical health status, and exposure to potential risk factors, such as tobacco smoke, while conducting standardized pulmonary function tests simultaneously. Third, the settings of this study provided a unique opportunity for us to examine all risk factors associated with COPD. Our study also has some limitations.First, at this point of our study, we were not powered enough to determine risk factors stratified by provinces. Second, as a cross-sectional population-based study, there are limitations in determining direction of causality for possible risk factors of COPD.

CONCLUSION {#sec1-5}
==========

COPD is considered as a preventable disease, and avoidance of exposure to major risk factors can prevent the vast majority of cases of the disease. In particular, the wide gap between real and previously diagnosed COPD in this study provokes the necessity of raising awareness of this disease among general population and health professionals. The present study findings can upgrade the knowledge on the prevalence of COPD in Iran, and it can help governments, policy-makers, specialists, insurance companies, and all stakeholders to strategize and evaluate medical services required for reducing the prevalence of respiratory diseases. The data from our present study will be available as a baseline tool for future national and regional studies of COPD.
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